Objective. To better understand the structure of the Patient Assessment of Chronic Illness Care (PACIC) instrument. More specifically to test all published validation models, using one single data set and appropriate statistical tools.
Introduction
The Chronic Care Model (CCM) was developed by Wagner et al. more than a decade ago [1, 2] . This evidence-based framework identified six key elements likely to improve the care of patients with chronic illnesses: patient's self-management, delivery system design, decision support, clinical information systems, community resources and policies, as well as organization of care. The Assessment of Chronic Illness Care (ACIC) [3] and Patient Assessment of Chronic Illness Care (PACIC) instruments were developed [4] to assess how chronic care was congruent with the CCM. While the ACIC was meant to be used by health care professionals, the PACIC was targeting the patients' evaluation of their own chronic illness care.
Initially developed in English [4] , PACIC versions in Danish, Dutch, German and Spanish, tested in patients presenting diverse chronic diseases (e.g. diabetes, arthritis and chronic lung diseases), are available [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . The literature review that we conducted to identify studies presenting validation analyses of the PACIC (Appendix 1) showed contrasted results. While some studies seemed to confirm the five dimensions of the instrument (moderate to good internal consistency and most factor loadings >0.70), they either did not report goodness of fit of their models [5, 6] or presented fits that were not acceptable [4, 9] . In the first published English dimension [7, 12, 14] . Despite the absence of consensus on the PACIC dimensions, its use has sharply increased as an evaluation tool of the development and implementation of chronic disease management initiatives. It has even been described as 'the most appropriate instrument to measure the experience of people receiving integrated chronic care' [16] .
In this study, we aimed at deepening the understanding of the PACIC dimensional structure using statistical tools adapted to the ordinal structure. More specifically, we aimed at comprehensively describing previous validation analyses and at running all models tested in the literature on the same set of patients, using appropriate statistical models. This study should convey key information to decide which dimension structure is the most appropriate for this broadly used instrument.
Methods

Sample characteristics
The study sample comprised 406 patients with diabetes who participated in a community-based survey describing the quality of their care [17] . This baseline survey was conducted within the development and implementation of a regional diabetes program ('Programme cantonal Diabète') in the canton of Vaud, Switzerland, a large French-speaking canton with over 720 000 inhabitants (approximately one-tenth of the Swiss population). Non-institutionalized adults (≥18 years) with a diagnosis of diabetes since at least 1 year, receiving a prescription for oral antidiabetic medications (OAD), insulin, glycemic strips or glucose meter, were eligible and recruited by community-based pharmacies during the summer of 2011 [17] . Patients residing outside the canton of Vaud, not speaking or understanding French well enough, or those presenting cognitive impairment were excluded, as well as women with gestational diabetes.
Measures
A 20-item French version of the PACIC questionnaire (5-point response scale, 1 = never to 5 = always) was used. We translated and culturally adapted the English PACIC version in a structured approach, using forward and backward translations and following WHO [18] guidelines for such processes. First, two collaborators fluent both in French and English prepared a French version of the questionnaire that was discussed by a group of experts. After reaching consensus on a first French version, back translation was performed by a professional English-native translator. The expert group then compared the original and back-translated English versions, resolved discrepancies and agreed on a version that was tested among 10 various patients with diabetes.
Other self-reported data included patients' sociodemographics and health information: age, gender, socioeconomic and insurance status, citizenship, place of residence, smoking status, weight and height, number of comorbidities, generic and disease-specific health-related quality of life, diabetes treatment, and 10 process of care indicators ( past 12   months HbA1C check among those who reported knowing  what HbA1C was, eye examination by ophthalmologist, microalbuminuria check, foot examination by physician, lipid test,  blood pressure measure, weight measure, influenza immunization, physical activity recommendations, written or verbal diet  recommendations) . We also collected data on proposal to participate in, and effective participation in self-management education classes, as well as glucose self-monitoring. Finally, we also asked patients to rate their overall care satisfaction level.
Statistical analysis
First, we conducted descriptive analyses to characterize participants and check data quality of each of the 20 PACIC items (mean, standard deviation, median, distribution by category (floor and ceiling effects), percentage of missing values). Then, we tested all the models described in published PACIC validation studies (Appendix 1): model with original five dimensions [4, 5, 6, 9, 15] , two models suggesting two dimensions [10, 11] , one model with a single dimension considering all 20 items [8, 14] and one model with a single dimension considering 11 out of the 20 PACIC items (PACIC-short form) [7, 12, 14] . Models not reporting enough details for replication [13] or not using the full 20-item scale [19] were discarded. Models testing was performed using three different types of confirmatory factor analysis (CFA): (i) CFA based on Pearson estimator of variance-covariance matrix, which hypothesizes multivariate normal distribution of the data, (ii) CFA based on a polychoric correlation matrix (weighted least squares estimation method (WLSMV) [20] and (iii) CFA based on a likelihood estimation with a multinomial distribution for the manifest variables (also called GLLVM [21, 22] ). These three types of CFA assume that the latent variable ( patients' evaluation of their chronic illness care) is a continuous and normally distributed concept. These three types of CFA were chosen for the following reasons: (i) CFA based on Pearson estimator because it had often been used in other studies and would allow us to compare our results with those previously published, even if these models should not be used with ordinal data; (ii) CFA considering polychoric correlation matrix because it relies on the assumption that the manifest variables measured on ordinal scales are indirect observations of underlying normal variables [23] and (iii) CFA based on likelihood estimations with a multinomial distribution for the manifest variables because they do not postulate any joint distribution for the manifest variable, since it computes the real joint distribution of the data [22] . In addition, these models are recommended in cases of asymmetric or multimodal distributions (i.e. in presence of ceiling and floor effects), and when the CFA polychoric correlation matrix may lead to biased results [24] . One limitation of the use of CFA based on likelihood estimations with multinomial distribution for the manifest variables is the absence in current software of goodness-of-fit measures that can assist in the comparison of models to one another.
Goodness of fit (GoF) of the various CFA models was tested using the Root Mean Square Error of Approximation (RMSEA) and Weighted Root Mean Square Residual (WRMR, recommended for ordinal data [25] ). They were checked jointly because of the sensitivity to misspecified factor loading for the RMSEA [26] . The Comparative Fit Index (CFI) was also presented, since it is less affected by sample size [26] [27] [28] . Models were considered to present 'good fit' if the RMSEA was <0.05, [29] , WRMR <1.00 [30] and CFI >0.97 [31] . Models were considered to have acceptable fit if RMSEA was between 0.05 and 0.08 and CFI between 0.95 and 0.97. Full Information Maximum Likelihood (FIML) estimation, which uses raw data as input and all available data information, was used to handle missing data for CFA based on Pearson estimator of variance-covariance matrix and for GLLVM. For CFA based on a polychoric correlation matrix, models were computed on the available data; multiple imputation of missing data using Baysian analysis was also performed.
Finally, we explored associations between the one dimension PACIC score (11 items) and other variables hypothesized, or already shown, to be related to it. Pearson or Spearman correlations were used to test the association between PACIC and continuous variables, t-test for independent groups, or Mann-Whitney U-test (when extreme values) for categorical variables. Stata 12 was used for most statistical analysis; Mplus 5.0 [20] was used to run CFA.
Results
Sample
The study population is described in Table 1 . Mean age was 64.4 years and 59% were men. Smokers represented 16% of respondents, and 82% were either overweight or obese. Type 2 and Type 1 diabetes was reported in 69 and 18% of patients, respectively, while diabetes type remained undetermined for almost 20% of patients. At least one complication of diabetes was reported by nearly half of all patients. Table 2 provides descriptive results of PACIC items. While 77% of respondents completed all items of the questionnaire, the number of missing values varied between 6 and 12%. The percentage of respondents who ticked the lowest answering category (floor effect) varied from 7 to 67%, and was higher than 30% for 12 out of the 20 items. Ceiling effects were less marked (4-46% of respondents chose the highest answering category, and 5 out of 20 items presented ceiling effects >30%).
PACIC scores
PACIC structure
The results of CFA considering polychoric correlations on the available data are presented in Table 3 (results on imputed data are nearly identical and not shown). The results demonstrate that although loadings of all five models were relatively high, the only model showing acceptable to good fit was the 11-item single dimension model (RMSEA <0.08, WRMR <0.1.00, CFI >0.97). Similar results were obtained with CFA based on likelihood estimations with multinomial distribution for the manifest variables, although slightly higher loadings were found for those items presenting the strongest floor or ceiling effects (items 10 and 17; differences <0.10). The 11-item single dimension model was also shown to be the best of the five tested models when CFA on Pearson estimator of variance matrix was used. This was only true in term of goodness of fit (RMSEA is <0.08 and CFI >0.95) because loadings were all shown to be lower than those of the CFA on polychoric correlation. As expected, conducting CFA analyses with a model for multivariate data, while data are ordinal, underestimated correlations (results not shown). The correlation matrix is available on Table 4 ( polychoric correlations in the lower triangle and Pearson correlations in the upper triangle).
Relationship of factorial score of PACIC short form and variables of the field
The single 11-item dimension score was retained for these analyses. Respondents were significantly more likely to report higher PACIC scores when treated with insulin, performing glucose self-monitoring, being aware of HbA1C, having had feet, eyes or microalbuminuria annual checks, having been proposed to attend, or participated, to education classes, having received physical activity or diet recommendations. PACIC factorial 11-item score was also significantly associated with age and overall care satisfaction (results not shown). There were no significant differences for gender, education, number of comorbidities, annual blood pressure, weight and lipid measures.
Discussion
The results of this study showed that among the several PACIC models proposed in the literature, only the one dimensional structure using 11 of the 20 PACIC items (PACIC short-form) presented appropriate model fit in addition to high loadings. Other published models, including the originally described five dimensions structure, were discarded because of poor statistical fits.
There are several explanations to the lack of consensus of results regarding the structure of the PACIC instrument across validation studies. Firstly, it may be possible that the initial five dimensions structure proposed by Glasgow was not the appropriate one, and that the PACIC contained less dimensions.
In fact, Glasgow emphasized that the dimensions were constructed a priori, on the basis of the CCM key elements. He also pointed out that the inter-correlations among the PACIC dimensions could make it difficult to distinguish between them; this issue is supported statistically. Indeed, because the PACIC items are measured on an ordinal scale, using inappropriate models can lead to underestimating correlations and to the selection of too many dimensions [7] . In addition, several published models supported the idea of an instrument presenting fewer than five dimensions [7, 8, 10, 11, 13, 15] . Secondly, the inappropriate choice of statistical tools and parameters considered to assess the quality of the models may have affected results. Actually, several studies used CFA for multivariate normal data despite the presence of ordinal data; this may not only underestimate correlation but also impact the magnitude of the dimensions' loadings [7] . As a matter of fact, results of the three types of CFA were close, but loadings of the multivariate normal model were the lowest. This emphasizes the point that both the choice of statistical tools and the criteria of model selection may influence estimations of the elements of the models. In addition, considering the magnitude of loadings only, as selection criteria, is wrong since it is not a measure of goodness of fit (i.e. a measure of how well the model fits the observed data).
Interestingly, all studies supporting the five dimensions structure of the PACIC described either only loadings and no GoF [5, 6] , or GoF that was non-satisfactory [4] . Furthermore, most studies reporting loadings jointly with GoF, as should be done, rejected the five dimensions structure of the PACIC [8, 9, 13, 15] or sustained a one dimension model [7, 8, 14] . Thirdly, some studies reporting CFA results used samples smaller than the minimal 10 responses by item rule of thumb. Indeed, researchers should consider data sets including at least 200 patients while analyzing the structure of a 20-item instrument; required sample sizes should even be larger when using ordinal data, and samples of about 300 was suggested by some authors [32] . While two of the three studies favoring the PACIC fivedimension structure did not reach the minimal number of 200 patients, none of these three studies reached the target of 300 patients (n = 100 [5] ; n = 266 [4] ; n = 165 [6] ). All other studies showing less than five dimensions used sample sizes greater than 300. Based on this rationale, the PACIC instrument does not appear to present a five-dimensional structure. Studies indicating structures composed of one or two dimensions were also considered in our analyses. The tests of both models proposing two dimensions structures [10, 11] showed that factor loadings were good, but model fit was generally unacceptable. We also tested the 20-item single-dimension model showing acceptable model fits in two studies [8, 14] . Unfortunately, we did not find similar results. In the end, the single-dimension model considering 11 out of the 20 PACIC items was the model that fitted our data best and tests of this model in three other studies and demonstrated acceptable fit [7, 12, 14] . Therefore, all these results converged toward a single-dimension structure comprised of all 20, or a subset of 11 items.
The heterogeneity of structure results could also be linked to methodological considerations other than statistical ones. In fact, the PACIC versions used were not always identical, in terms of anchoring response categories ('almost always and almost never' versus 'always and never') and of number of response modalities (5-points versus 11-points potentially affect the number of described dimensions. However, published results did not appear to depend on these differences since, for example, the one dimension structure was validated both with 5- [14] and 11-point scales [7, 8] . Also, studies suggesting a five dimensional structure considered both the 'almost never' to 'almost always' [4, 6] and 'never' to 'always' [5] anchoring response categories.
The diversity of health care contexts, cultures and types of chronic illnesses may also have affected validation results. Evidence from studies favoring the single dimension structure (20 items: long or 11 items: short form) suggests that it is not the case. In fact, this single dimension was found in a variety of countries such as the USA [7, 8] , Germany [12] , the Netherlands [14] and Switzerland, and with patients presenting different chronic diseases (diabetes [7, 8] , cardiovascular diseases [14] , non-specific chronic illnesses [12] ).
The strength of this study are the fact that (i) we used a single data set to test all published validation models, (ii) we used statistical tools appropriate for ordinal data and (iii) we presented model fits. The interpretation of these results should nevertheless take into consideration the following limitations. First, we did not aim to find the true underlying structure of the PACIC, but rather to disentangle dimensions focusing on published models. Therefore, we emphasized the analysis of the structure of the PACIC and not its construct validity, hypothesizing that the latter was appropriate. As suggested by Gugiu et al. [8] and Spider et al. [33] , we strongly encourage researchers to focus future studies on the construct validity of the PACIC instrument. Second, we employed a newly developed French version of the PACIC. However, we strictly followed the translation and adaptation of questionnaires procedures, and our results were similar to others; this suggests that results do not depend on health care contexts, cultures or chronic diseases considered. Third, we did not perform test-retest measures that would have allowed the assessment of the reliability of the PACIC French version. Finally, this instrument, which relates to the past 6 months and uses a 5-point response scale varying from never to always, may not be easy to use for patients visiting their family doctor rather rarely (a few times a year, for example) and not seeing any other health care professional during that same period. Indeed, it may be difficult to decide whether an event happening once during 6 months represents a frequency that should be considered as 'sometimes', 'most of the time' or 'always' [8, 33] . This may be particularly true in contexts that have not yet implemented new models of care for patients with chronic diseases, and therefore do not offer integrated multidisciplinary care. One way to bypass this could be to replace the original 5-point scale by a count of time each situation occurred, which may be easier to use.
Conclusion
We showed that among PACIC published validation models, the one considering 11 items in a single dimension appeared to best fit our data. Also, our results suggested that the lack of consensus on the PACIC structure was linked to statistical problems rather than differences in health care contexts or cultures. To obtain an overall picture of experiences of people receiving care for chronic diseases, a single score might be used instead of the five previously described dimensions.
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